In research work at the U. S. Forest Products Laboratory on the utilization of wood waste, there is need for the analysis of a large number of samples of the products resulting from the hydrogenation and fermentation of wood sugars on a pilot-plant scale (Clark, 1958a, b; Peterson et al., 1958) . Chromatographic methods were selected because they provide a relatively simple and rapid means of separating and analyzing large numbers of samples of such a complex mixture.
The various isomers of sugar alcohols were not separated. Hexitols were expressed as sorbitol, pentitols as xylitol, and tetritols as erythritol. The components thus separated were then analyzed by Siggia's periodic acid method (Siggia, 1959) for compounds containing adjacent hydroxyl groups. The excess periodate was titrated with sodium thiosulfate. Preliminary investigation of the colorimetric method for formaldehyde pro- duced by oxidation, suggested by Neish (1952) , revealed that the butanol present in samples from the column resulted in muddy colors that gave unreliable results.
I Maintained at Madison, Wisconsin, in cooperation with the University of Wisconsin.
To correct for the presence of butanol in fractions from the column, standard calibration curves were prepared with reagent-grade samples of each of the glycols in the presence of a butanol solvent system used for elution of the column. Calibration curves were also prepared for each of the sugar alcohols, using Siggia Siggia (1959) . Oxidation with periodic acid followed by measurement of excess periodate by sodium thiosulfate.
III: Bradford et al. (1942) . Oxidation with periodic acid and measurement of formic acid using sodium hydroxide.
IV: Neish (1952) . Oxidation with periodic acid followed by colorimetric determination of formaldehyde formed using chromotropic acid.
V: Neish (1952 (Neish, 1952) . In method IV, the oxidation time specified for glycerine (5 min) was increased for sorbitol to 15 min. Longer oxidation times resulted in lower values. Oxidation times for ethylene glycol by method II were increased from the regularly used 30 to 120 mim without appreciably increasing recovery.
On the basis of data in table 1, oxidation with periodic acid followed by titration with arsenite and iodine, as described in method I, wArould be recommended for the determination of these sugar alcohols and glycols.
Since the methods were first set up for the analysis of glycerol, Siggia's method (1959) fitted to a sled that travels on a steel guide bar. The back end of the plunger of the syringe is rounded to a smooth ball. This ball slides along the edge of a second steel bar that is mounted at an angle to the first bar. By drawing the syringe along its guide bar, the plunger is forced into the syringe and the solution is forced out the tip onto the paper at a uniform rate. The amount of sample delivered by the syringe can be altered by changing the angle between the bars; or syringes of different sizes can be used. This apparatus is shown in figure 4 .
The syringe is calibrated by weighing it before and after a sample is delivered to a sheet of paper. The weight of sample applied, corrected to volume, is then divided by the width of the paper to give the volume delivered to a unit width of paper. Deviations of less than 0.2 per cent in volume over successive 75-mm portions were obtained. The volume applied was 30 X (0.03 ml) for a strip 75-mm wide. Samples applied contained from 0.5 to 10 per cent of product. More concentrated products were weighed and diluted to the above range for spotting. Development and elution techniques were similar to those suggested by Saeman et al. (1954) perature is used for subsequent analysis. Therefore, after adding the periodic acid, the sample is allowed to stand for I hr, after which 5 ml of 4 per cent potassium iodide are added to the flask and the liberated iodine is titrated with 0.01 N sodium thiosulfate, using a 1 per cent starch solution as an indicator. Reagent blanks are run with each set of analyses. It is essential that the sample titration be more than 80 per cent of the blank titration to make sure there is sufficient reagent present for complete oxidation (Siggia, 1959) .
Results were calculated as g of isolated compound To increase the number of samples that could be handled, two columns were operated in tandem, using a drop-counting fraction collector. Twenty-mg samples containing from 2 to 10 per cent of glycols were weighed in a micropipette and then applied to a small filter paper disc resting on top of the cellulose. One hundred ml of solvent (84 per cent butanol, 16 per cent water) were then put through the column and collected in 5-ml fractions. These fractions were analyzed in the same way as the compounds separated on paper. A curve shown in figure 5 was then drawn to show the separation obtained and the order in which the fractions were removed from the column.
After being washed with 15 ml of water followed by 15 ml of the solvent, the column is again ready for use. It may be used repeatedly with no noticeable change in its characteristics.
RESULTS
Known mixtures of the pure compounds were prepared by weight and compositions calculated on the 2 Arthur H. Thomas Company, Philadelphia, Pennsylvania. basis of data in table 1. The mixtures prepared were similar to samples expected from pilot-plant research. These mixtures were analyzed by the methods described above.
Results calculated on the basis of calibration curves are shown in table 2. Recoveries were judged good for complex mixtures of this kind. Several thousand samples were analyzed by these methods in connection with the hydrogenation and fermentation research on wood sugars. SUMMARY Paper and column chromatography were employed to separate mixtures of sorbitol, xylitol, erythritol, glycerol, propylene glycol, and ethylene glycol in products produced by hydrogenation and fermentation of wood sugars. Paper chromatography was used for the separation of all products except propylene and ethylene glycol, which because of volatility gave low results. A cellulose column was used to separate the glycols. After separation by either method, the alcohols and glycols were analyzed individually by periodate oxidation. All sugar alcohol isomers were not resolved, but the method permitted rapid, reliable comparison of the complex product mixtures from the sugar reactions.
